The absolute amount of adsorption per square centimetre of exposed surface of a solution may be measured with certainty and with moderate accuracy. In the microtome method (McBain and Humphreys 1932; McBain and Swain 1936; ) the quiescent surface is cut from a solution in complete equilibrium with its vapour, collected, and analysed. In the interferometer method a similar surface in equilibrium is compressed into the bulk of the liquid in the path of an interferometer beam which measures excess coming from the known surface destroyed.
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Both methods applied to solutions of lauryl sulphonic acid, C12H25S0 3H, agree in showing strong positive adsorption over the whole range of con centrations.
On the other hand, the curve of surface tension with concentration is of Type III, showing very great lowering in extreme dilution, leading im mediately to a minimum, followed by a definite rise to a shallow maximum, with a slight decrease of this already low value with further concentration. The Gibbs theorem demands an initial positive adsorption of the acid, followed by no adsorption at all where the surface tension is most lowered, followed by strong negative adsorption, then zero adsorption, still in dilute solution with very low surface tension, followed by slight positive ad sorption.
I t is evident th at there is a complete contradiction between experimental observation and generally accepted theory. Throughout all these dilute solutions, which are all less than 0-012 n , the surface tensions are less than are those of the comparable pure organic liquids.
It is difficult to question the experimental evidence because all suggested sources of error have been forestalled or evaluated. About a hundred instances of Type III surface tension curves are contained in the references in , obtained by all the different methods of measur ing surface tension. Lauryl sulphonic acid was chosen for this study on There still would be serious difficulty in accounting for the very great lowering of surface tension where the Gibbs theorem requires zero ad sorption in those numerous Type II I curves where surface tension is lowered in extremely dilute solution and thereafter remains at a nearly constant value without noticeable maxima or minima. I t is difficult to believe th at a surface layer in which 99-9 9 % of the molecules are water (or 99-8 5 % by weight) can have a surface tension 43 dynes below th at of 100% water, and 11 dynes below th at of a complete monomolecular layer of a higher fatty acid on water. The actual measurements indeed show strong positive adsorption of the solute, of the order of a monomolecular layer. 
The microtome method
Many detailed improvements were made in the microtome and in the procedure adopted for this work.
The trough.
The solution lies in a shallow trough of pure silver, C, figure 1, 83-6 cm. long, 5-1 cm. wide, containing a depth of about 5 mm. of solution. Each passage of the microtome removes 80 % of the exposed surface. Thus, any insoluble contamination is soon removed by repeated cuts. The trough is set between two rails of pure solid silver ( , ) th at form the track upon which the microtome carriage slides. These are kept scraped true and level to a few ten-thousandths of an inch. The space below is closed with a subtrough of silver ( A ) containing a large reservoir of the same solution. hanging silver trays ( D, D) also contain solution. All these help to saturated aqueous vapour above the solution, and prevent evaporation. The inner enclosure containing the trough is 110 cm. in length and is closed with a sloping ceiling ( E ) to avoid any drip into the trough, an surface of the overhanging troughs are similarly inclined. The trough is in contact only with three silver strips to minimize approach of any con tamination. Creeping of the solution over the low ends of the trough was noticeable in measurements nos. 1-110, but was prevented in nos. by a very thin application of dicetane to the cut edges. The solution was thoroughly stirred initially, and after each replenishment before each run, by a rod of fused silica extending the length of the trough and manipulated as required from side to side by another silica rod. No effect of such stirring on the adsorption was discernible in comparative measurements. Each end of the inner enclosure has a vertically sliding door consisting of a stain less steel frame closed with thin silver foil, through which the microtome may pass without damage when by accident the door is not opened.
The outer enclosure is of silver plated brass, 8 ft. long, 18 in. wide and 6 in. deep, with a glass ceiling and sliding automatic doors which open electrically as the door passes. This enclosure is likewise kept saturated by covering the floor with dishes containing water and by four cloth curtains suspended from the ceiling within the entrance and dipping into water, with two similar wet curtains near the exit. All crevices and joints in both enclosures were carefully sealed with clean paraffin, leaving only the crevices around the closely fitting doors. 
The microtome.
The microtome blade was of 20% iridium, 8 0 % platinum. A softer blade containing only 5 % iridium was used for runs, nos. 1-110. The edge was ground to about 30° and was very carefully trued and levelled. The blade was permanently mounted in a cylinder of pure silver by means of Bakelite lacquer baked on at 135°. The end joints of the cylinder were also sealed with the lacquer.
The solution sliced off is thrown into the cylinder and kept there by a baffle plate of pure silver. The cylinder is mounted on bearings so th at the microtome hangs in the correct position underneath for cutting, and when a pin is tripped by a flexible rubber projection, the blade and opening come on top and no solution is lost. The baffle plate when lifted out exposed the contents of the cylinder for withdrawal by a pipette. The bearings had eight adjustable screws for levelling and arranging the depth of cut. Stain less steel plates were used for runners and the brass framework was all coated with Bakelite lacquer baked on.
Materials.
The conductivity water used was redistilled in fused silica and it had a specific conductivity of about 3 x 10-7 mhos. I t was stored in a silica vessel except during a run. The lauryl sulphonic acid prepared by M. E. Synerholm by the method of Noller and Gordon (1933) was used for the interferometer experiments and for the microtome experiments with 2*10 and 2-93 g./litre. A different specimen, prepared by Dr M. L. Koenig, was used for the other microtome experiments, with closely agreeing results. The equivalent weight of each by titration was within 0-05% of theory, the balance being probably mainly water. Concentration of the stock solution was thereafter determined by titration. Solution was transferred by means of a large pipette, suction being applied through a long rubber tube.
Procedure.
I t is essential to avoid loss or evaporation or contamination. The car and rails were cleaned with pure benzene and the microtome rinsed many times with solution until the residue was of exactly the same concentration as th at in the trough. The doors of the inner enclosure were then opened manually through a small hole otherwise kept covered. The car was then rinsed twice more and shot through at about 25 miles/hr., the first and last doors operating automatically. The sample was quickly transferred to the special solid silver interferometer cell, or, if it had foamed badly, stored in a tightly stoppered weighing-bottle. All this, from the opening of the inner doors, required less than a minute.
Samples of the solution in the trough were taken from both ends and the centre, and similarly stored for direct comparison with the surface sample and for evidence th at the solution throughout the trough was homo geneous. The weighing bottles were kept in a saturated atmosphere where it had been established that no change in concentration took place over a period of days. Temperature was always checked at seven points with thermocouples and no measurements were made when a difference of more than 0-05° was found between opposite ends of the inner enclosure. Homo geneity of the solution in the trough was restored when necessary by re peatedly drawing it out at one end, mixing it with stock solution in a silica flask and putting it back at the opposite end. This was repeated four times, care being taken not to disturb the surface more than necessary.
Solution lost from the trough in the microtome, or by running over the end after the car, was replaced from stock.
Blanks of two kinds were run to measure concentration changes due to the experimental procedure. In the first seven, solution was shaken in the weighing bottle until well covered with froth and poured into the micro tome which had just been operated as in an experiment, except th at the trough solution was lowered to prevent cutting. Upon analysis the con centration of a 5 c.c. sample was increased 0*8 division on the interfero meter scale. This was offset within 0*1 division by four blanks in which a solution 9*0 divisions more concentrated than the rinse solution, thus similating a surface sample, was run into the rinsed barrel as ready to operate, and on analysis showed a decrease due to total handling of 0*9 division.
Calculation.
The adsorption, r g and j Fn,is the number of grams o per square centimetre. Tg = 250 Fn = A where A is the int reading between surface layer and bulk liquid, V is the volume of the surface sample, k the interferometer constant, 1*6 x 10-6 g. solute/c.c. solution/ interferometer division, readings being made to 0*1 division, and A the area sliced, 334 sq. cm.
Experimental results.
After the preliminary twenty-five, only those experiments are omitted which were total failures, usually due to solution not having been collected. The age of the surface is the time elapsed since the previous cut. An asterisk (*) denotes th at the solution was thoroughly homogenized im mediately preceding measurement, the surface presumably being fully aged. In contrast to the experience with hydrocinnamic acid and other solutions, there was no demonstrable effect of age, although no measure ments were carried out before the lapse of 15 min.
In some of the experiments the surface was swept in a manner similar to th a t customary with the film balance, but no effect was discernible. Table 1 gives in detail the results for 0*0113 n lauryl sulphonic acid, containing 2*82 g./l., and table 2 summarizes in minimum space the remainder of the seventy-six complete measurements. The experiments are arranged in order of age.
I t is clear th at every measurement showed adsorption of lauryl sulphonic acid to be positive. The same result follows from two sets of measurements with dynamic surfaces. In the first set of three, 0*012 n solution was shaken in a closed weighing bottle, and the concentration of the liquid was found to be 9*6, 10*1 and 11*2 mg./l. less concentrated than an equal volume of collapsed foam. In the second, a litre of 0*0113 n solution was placed in a vertical tube two metres high and three centimetres wide, and fine bubbles of air free from carbon dioxide were forced in through a sintered glass filter. The bubbles, drained in their slow upward passage, were collapsed in a separate receptacle by a jet of clean air. When two-thirds of the liquid had foamed over, the residue would not form stable bubbles. A repetition of the process with the liquid first collected yielded 535 c.c. of 0-023 n solution, leaving a residue of 346 c.c. of 0*0007 n . Hence, over the range from 0*0007 n to twice the original 0*012 n , the sorption on a moving bubble is positive. (2)
The interferometer method
The interferometer method is based on the assumption th a t the surface layer can be collected by compression by moving a barrier extending nearly a millimeter below the surface (total depth of solution usually about 3 mm.). The operation is carried out in a cell 76*6 cm. long, placed in the path of a Hilger Rayleigh interferometer. Details of the equipment have been described elsewhere . Here the partition between the standard solution and th a t whose surface was being compressed extended to the glass ceiling to prevent intercommunication of the vapour. The liquid was not in contact with rubber and the barrier slid on a platinum wire against a platinum surface.
The solution was thoroughly stirred by tilting the cell bodily both side ways and endways until a constant reading was obtained in the inter ferometer. Then the barrier was drawn back, exposing fresh surface. After ageing, the barrier was run forward again until it dropped off the ends of the skids, imprisoning the liquid collected. The ends of the barrier were connected to the trough by long strips of vertical gold foil lying in the surface.
The first effect of stirring, like the first effect of pushing the barrier forward, was a distinct lowering in the interferometer reading, returning to zero in a few minutes. I t was necessary to wait 2-5 hr. before the collapsed surface had diffused evenly, giving a strong positive reading. The inter ferometer was read to 0-2 division, the constant being 3-9 x 10~7 g./c.c.
The adsorption is again equal to
AVkjA. The interferometer method will give a change smaller than the reality if any of the surface layer is lost under the moving barrier, and it is clear th a t the total effect per square centimetre would asymptotically approach zero if the barrier were moved an indefinitely great distance. In practice, with lauryl sulphonic acid solution, it was found th at a movement of 6 cm. gave almost as great an interferometer change as 16 cm. Thus with 16 cm. over two-thirds of the collection has escaped under the barrier. Hence 6 cm. was used but must still represent a low result. An example is given in Table 3 in which the average deviation from the mean is 16%.
In Table 4 are given the initial values for the solution of minimum surface tension, showing that after 3 min. the adsorption attained its final value, the subsequent twenty-two measurements giving, with an average deviation of 13%, 7*7 x 10~8 and 3-1 x 10~10 grams and mol./cm.2 respectively.
All ninety experiments carried out with the interferometer are summarized in table 5. Again there is no detectable influence of age of surface, after the first few minutes. 
The surface tension Such methods as drop weight and maximum bubble pressure are of little value in studying solutions whose surface tension changes slowly with time. Even the method of capillary rise used by Reed and Tartar (1936) failed to yield definite values over an extended period in their study of solutions of sodium lauryl sulphonate. We chose the du Noiiy ring method, using a large platinum basin in a saturated atmosphere and a chainometric chemical balance with a magnetic damper in place of a torsion wire. To begin with, all the platinum was heated to redness. The surface of the solution was carefully swept. The ring was kept submerged except when actually in use. Measurements made in rapid succession on a surface several days or weeks old showed only a rise of 0*04 dyne after each dis turbance.
concentration (m ol./l.) F igure 2. Surface tension m easurements of lauryl sulphonic acid a t various a g e s.
The surface tension of solutions of less than 0*01 n lauryl sulphonic acid decreases with time for many days as shown in figure 2 for 22°. This is confirmed by unpublished measurements by L. H. Perry using the pendant drop method of Andreas, Hauser and Tucker (1938) , even after the intro duction of a number of improvements such as keeping the drop in a saturated atmosphere in contact only with platinum. Similar time effects have been recorded by Adam and Shute (1938) .
The shape of the Type II I curve is likewise confirmed with the PLAWM trough (McBain and Vinograd 1940) and by measurements of capillary rise. A large amount of carbon dioxide had no appreciable effect upon the surface tension. Solutions were always frothed vigorously and the foam removed before beginning their study. Very similar results are reported for the corresponding sulphate by Tartar and Cadle (1939) using the sessile bubble method, and again long time effects were observed. It is interesting th at at 0*0087 n , where the surface tension slope is upwards, the Gibbs theorem would predict a deficiency of lauryl sulphonic acid in the surface amounting to ll*2 x l 0~10 mol./sq. cm. This is the equivalent of a surface in which there is no lauryl sulphonic acid in a top layer 12,700 A thick, or a correspondingly thicker layer if this is not pure water. Preliminary experiments on solutions of sodium butyl benzene sulphonate were carried out previous to the adoption of the modifications in ap paratus and technique already described. Twelve experiments with a concentration of 35 g./l. all gave positive values averaging Fg -4-31 x 10~8 and r n = + 13 x 10-10. This, however, is a concentration at which the slope of the surface tension curve is zero and for which, as for so many other detergents, the Gibbs prediction is zero adsorption.
Finally, experiments with the free butyl benzene sulphonic acid were carried out with the interferometer method, using a solution beyond the minimum of surface tension 38-4 g./l. Once again, the observed adsorption was positive, amounting to about 5 divisions or about 4 x 10~10 mol./cm.2; instead of the negative value deduced from surface tension by the Gibbs equation.
S u m m a r y
One hundred and sixty-six measurements made with the microtome and with the interferometer agree in showing th a t positive adsorption occurs in the surface of all dilute solutions of aqueous lauryl sulphonic acid. A similar result follows from dynamic measurements and from measurements with sodium butyl benzene sulphonate and butyl benzene sulphonic acid. No time effect is observable after the first few minutes.
The surface tension of solutions of lauryl sulphonic acid changes over long periods of time extending to hours or days.
Since the surface tension is at a minimum in 0*0062 n lauryl sulphonic acid, the Gibbs theorem would predict zero adsorption followed by negative adsorption, in contrast to the positive values actually fonnd. Similar pre dictions would follow for all the numerous known instances of Type III curves where in extreme dilution the surface tension is lowered to a fraction of th at of water, thereafter passing through a minimum or remaining constant.
